Oxidative stress plays an important role in the pathogenesis of bleomycin-induced lung fibrosis and many antioxidant agents have been used for the treatment of this disease in animals. Objectives: To evaluate the antioxidant effects of pomegranate seed extract (PSE) on bleomycin treated rats. Materials and Methods: Male Spraque -Dawley rats were divided into 5 groups: rats in groups I (bleomycin) and II (control) were given a single dose of bleomycin (7.5 IU/kg, intratracheally) in the bleomycin group and same amount of saline in the control, respectively. Treatment groups (III-V) were given PSE (100,200,400 mg/kg) orally a week before the bleomycin injection and this was continued for 3 weeks. At day 28, animals were sacrificed and lungs were removed for histological investigation. Results: Histological analysis showed that PSE could prevent pathological changes that were seen in the bleomycin group. Conclusions: Results of the present study showed that hydroalcoholic extracts of pomegranate seeds had a significant protective effect against bleomycin-induced lung fibrosis by its antioxidant properties. The highest protective effect was observed for the 400 mg/kg dose.
Background
Oxidative stress is defined as an inequality between the production of free radicals and the ability of antioxidant defenses to scavenge them. Oxidative stress is one of the major mechanisms involved in the Pathogenesis of pulmonary fibrosis (1) . It is believed that pulmonary fibrosis (PF) is the result of pathophysiological reactions to injury that can be caused by stimulants such as radiation, infection, drugs, and being exposed to toxic particles such as silica and asbestos. PF is characterized by alveolar epithelial cell injury, infiltration of inflammatory cells such as neutrophils and macrophages and differentiation of fibroblasts to myofibroblasts. These events, consequently, result in collagen deposition and changes in the lung structure that bring about reduced gas exchange and lessened pulmonary compliance. PF in patients usually do not improve significantly with the available treatments, although the treatments may slow disease progression. Despite the fact that PF is one of the deadly illnesses, there are hardly any therapeutic choices available and finding new healing agents is vital for the treatment of PF. According to the role of oxidative stress in PF, utilization of antioxidant agents for the treatment of the disease appears to be logical. Bleomycin (BLM) is an anticancer agent, which has limited therapeutic application in clinics because of its dose-dependent toxicity. Bleomycin-induced pulmonary fibrosis is a commonly used animal model of pulmonary fibrosis (2) . Punica granatum L (Punicaceae), generally referred to as pomegranate, is a Mediterranean small tree. Numerous studies have been conducted on pomegranate because of its antioxidant effects. Recently, the high antioxidant activity of the extracts from the various parts of pomegranate fruit including peel, juice and seeds has been shown .This antioxidant activity has been said to be the result of a high level of phenolic compounds (3) (4) (5) . Pomegranate is reported to have significant amounts of phenolic compounds, such as anthocyanins (3-glucosides and 3,5-diglucosides of delphinidin, cyanidin, and pelargonidin), ellagic acid, punicalin, punicalagin, pedunculagin and different flavanols (6) . Researchers have demonstrated that pomegranate is a potent antioxidant (6-8) anti-inflammatory (9) antidiabetic (10) and neuroprotective (11).
Objectives
Based on the aforementioned results, the present study attempts to find the possible protective effects of pomegranate seed extract on bleomycin-induced pulmonary fibrosis by using a semi-quantitative assessment of lung histology.
Materials and Methods

Reagents
Bleomycin (bleocin) was purchased from kakaya Ltd, China. Pomegranate (Punica granatum), was also purchased from a local market in Ahvaz.
Hydro-alcoholic Extract of Pomegranate Seed
Pomegranate juice was removed by pressing. Seeds were allowed to dry in shade. Dried seeds were ground to fine powder by a grinder. About 100 g of the powder was mixed with 300 ml of 70% ethanol in distilled water and kept for 3 days at room temperature. The extract was then filtered. Solvent (ethanol / water) was removed using a rotary evaporator under vacuum at 50˚C. Dried extract obtained and kept in the refrigerator. Enough amounts of the dried extract were suspended in water and administered to animals of the treatment groups.
Animal Groups and Treatment
Male Sprague -Dawley rats (190-220 g) were purchased from the animal house and research center of the Jundishapur University of Medical Sciences, Ahvaz, Iran. All animals were maintained under a 12:12 h light-dark cycle at 23˚C with food and water available ad libitum for at least 1 week before starting the experiments. The study protocol was in accordance with the guidelines for the care and use of laboratory animals. All rats were randomly assigned into either the saline group or the BLM treated group, or the three treatment groups at a dose of 100, 200 or 400 mg/kg body weight of PSE. PSE was prepared daily just before application to the rats and was administered orally by gavage needle. Pulmonary fibrosis was induced by endotracheal injection of BLM at the dose of 7.5 IU/ kg body weight except in the saline group. Saline group received equal amounts of 0.9% saline. Fibrosis was assessed by lung histology. On each day during the experimental period, rats in the PSE groups were administered PSE by gavage, and the saline rats and BLM rats received equal amounts of 0.9% saline, respectively. First dose of PSE and vehicle were given 1 week before the BLM injection and continued until sacrifice.
Histological Examination
At the end of the experiment, animals were sacrificed and the lungs were dissected out. Lungs were fixed with 10% buffered formalin. The lung specimens were dehydrated and embedded in paraffin. For histological examination, firstly, 4 μm sections of fixed embedded tissues were cut on a rotary microtome (Leica model 2235, Germany), and then placed on glass slides, de-paraffinized, and stained with hematoxylin and eosin. All sections were studied using light microscopy. A semi-quantitative grading of the staining was used for the evaluation of inflammation and fibrosis with a scoring system from 0 to 3+ (0: normal, +: presence of inflammation and fibrosis involving less than 25% of the lung parenchyma, ++: lesions involving 25-75% of the lung, moderate thickening of bronchial wall and formation of fibrous bands or small fibrous mass, + + +: lesions involving more than 75% of the lung, severe distortion of structure and fibrous obliteration of fields).
Results
The histopathological evaluation of the lung tissues from either saline, BLM and PSE treated groups revealed that sections taken from the saline group had a normal structure without any pathologic changes when scrutinized under a light microscope. Lungs of saline rats displayed normal alveolar spaces and normal thickening of alveolar septa ( Figure 1A) . The lungs of rats treated with BLM showed infiltration of inflammatory cells in alveo-lar spaces, increasing the thickness of the intra-alveolar septa, and accumulation of collagen and fibrosis ( Figure  1B) . PSE treatment could help prevent some of the pathological changes induced by BLM. There was less inflammatory cell infiltration and reduced collagen deposition in PSE groups. Relative reductions in lung fibrosis and collagen fibers were observed in the group treated with a low dose of 100mg/kg PSE ( Figure 1C ). Significant reductions of collagen deposition and lung fibrosis were observed in the group treated with higher dose of PSE (200 mg/kg) ( Figure 1D) . The group that received the highest dose (400 mg/kg) showed the greatest improvement similar to the saline group. The extent of inflammation was significantly less severe compared with that in the BLM group ( Figure 1E) . PSE could diminish the severity of lung damage. The grades of fibrosis in the five groups are presented in Table. The semi-quantitative assessment of lung sections showed that bleomycin treatment caused an increase in the pathology score when compared to the saline group. PSE treatment prevented fibrosis and lowered the pathology score in the treatment groups. 
Discussion
The results of the present study demonstrate that the antioxidant effects of PSE could prevent the accumulation of collagen and lung pathological changes in a pulmonary fibrosis rat model. As mentioned before, pulmonary fibrosis is characterized by the infiltration of inflammatory cells, fibroblasts differentiation, and extracellular matrix remodeling and collagen deposition. It has been described that activated inflammatory cells accumulated in the site of lung injury, release reactive oxygen species (ROS) that lead to an increase of fibroblasts in alveolar walls and lung fibrosis (12) . The activated fibroblasts generate increased amounts of extracellular matrix proteins that interfere with the normal lung architecture and disable gas exchange in the lungs (13) .
Severe organ injury is caused by BLM administration which is the result of increased reactive oxygen species. ROS generated from BLM complexes with iron and damages important macromolecules like proteins, lipids, and DNA (14, 15) . Due to the diminished BLM inactivating enzymes in the lungs, pulmonary injury as a reaction to systemic BLM treatment is often seen (16) . Free radicals produced by BLM can cause damage to epithelial and endothelial cells in lung tissue. The initial damage in the lung leads to the infiltration of activated inflammatory cells into the lung parenchyma and release of different cytokines such as TGF-β and TNF-α. These eventually result in collagen deposition in the lung tissue. Oxidative stress is generally explained as the situation where there is no balance between ROS production and antioxidant defenses. This is a potential target for the development of therapeutics for the treatment of lung fibrosis. Many efforts have been made to eliminate the free radicals by using different types of antioxidants, but a cure for this disease has not yet been found. Flavonoids are one of the compounds, which have significant antioxidant properties and are capable of relative protection against injuries resulting from free radicals. In the present study we have tried to evaluate the antioxidant effects of hydroalcoholic pomegranate seed extracts and its therapeutic effects on fibrosis. Some plants that have polyphenolic compounds, such as Ginkgo biloba extracts and curcumin, have been reported to prevent lung oxidative stress and fibrosis in rats treated with BLM (17, 18) . The marked antioxidant activity of pomegranate seed extracts seems to be due to the existence of polyphenols, which can release electrons that can react with free radicals to convert them to more stable product and end free radical chain reactions (4) . Findings of this study show that antioxidant effects of hydroalcoholic extract of pomegranate seed in rat pulmonary fibrosis is dose-dependent and the best antioxidant effect was found to be in the highest dose of PSE (400 mg/kg). The histological findings of the current research certainly point out that PSE noticeably reduces the extent and severity of the histological signs of tissue damage. These observations are also confirmed by the semi-quantitative assessment. The exact mechanisms of PSE compounds may not have been covered by this study but in relation with findings of other studies we may make some suggestions. According to the oxidative stress hypothesis of pulmonary fibrosis, it has been suggested that PSE, a strong antioxidant, will be effective in preventing tissue pathological changes through its anti-fibrotic activity by scavenging ROS in the BLM rat model. The results of this study support the hypothesis that, PSE (probably due to the presence of polyphenols) can neutralize oxidative stress and scavenge free radicals, regardless of its anti-inflammatory effects. Therefore, PSE may help protect against lung fibrosis. Due to the high histopathological similarity between these experimental animal models and pulmonary fibrosis in humans, instead of using corticosteroids and immune suppressants, which have more side effects, we can use PSE as a natural drug for the management of pulmonary fibrosis. We suggest that in the future, more studies should be done with the use of this compound in patients.
